Introduction
Previously, arthrotomy with or without surgical dislocation has been the standard procedure for treating intraarticular diseases in children.
In recent years, arthroscopic hip surgery has become a standard diagnostic and therapeutic method in adults [1] [2] [3] . It is increasingly used to treat femoroacetabular impingement, chondromatosis, as well as other degenerative and inflammatory diseases of the hip joint.
There is considerably less experience with arthroscopic hip surgery in children and adolescents than in adults [4] . Initial reports on the arthroscopic anatomy of the hip joint in children for various diseases were published by Groß in 1977 [5] . In the 1980s, Holgersen (1981) reported on his experience with chronic juvenile arthritis and Bowen et al. (1986) published their results on using hip arthroscopy to treat osteochondritis dissecans [6, 7] . Chung et al. (1993) carried out arthroscopic lavage to treat septic arthritis in children [8] . Further indications for arthroscopic surgery in children include Perthes disease, femoral head epiphysiolysis, hip dysplasia, femoroacetabular impingement, synovial diseases, intraarticular tumors, avascular necrosis, loose joint bodies, and flake fractures [1, [9] [10] [11] [12] . In this paper, we report about our experience using hip arthroscopy in children under the age of 10. We present diagnostic and therapeutic possibilities for its implementation in children.
Materials and Methods
Between January 2008 and December 2010, arthroscopic hip surgery was performed 30 times on 24 children. Indications were septic arthritis, traumatic and congenital hip dislocation, and ambiguous boney and soft-tissue changes.
The arthroscopic procedure was adjusted according to intraoperative findings. Arthroscopic measures included diagnostic arthroscopy, the resection of pathological ligamentous structures, capsule release, joint lavage, biopsies, partial synovectomies and the removal of loose bodies. The patients demographic data, complications, and post-operative progress were prospectively documented.
Surgical Technique
Hip arthroscopy is performed with patients under general anesthesia in a prone position on an extension table or a standard child's operating table. The hip joint consists of two arthroscopic compartments, a central compartment and a peripheral compartment. Standard portals for the central compartment are an anterior, an anterolateral and a posterolateral portal. The anterolateral portal is located 2 cm distal to the superior iliac spine and 1 cm lateral from a line drawn through the superior iliac spine and the middle of the patella. The anterior portal is located anterior to the greater trochanter. The posterior portal is located posterior to the greater trochanter.
The femoral head, the labrum, the acetabulum, teres ligament, transverse ligament could be visualized in the central compartment. For the peripheral compartment we used a high anterolateral portal and an anterior portal [1] . Anatomical structures in the peripheral compartment are the femoral head, femoral neck, labrum, medial and lateral synovial fold and zona orbicularis. The scope is introduced in all the different portals to visualize different parts of the hip joint. In children with congenital dislocated hips we used a subadductor medial portal and an anterolateral portal. The subadductor portal is for the 70˚ scope and the anterolateral portal is for the surgical instruments. The subadductor portal is located 1 cm lateral and 1 cm anterior to the ischial tuberosity. The procedure was performed with 6 mm standard cannulated arthroscopic instruments or 2.7 mm cannulated mini-arthroscopic instruments and a 70˚ scope. The portals are placed under fluoroscopy using a puncture needle, a flexible guide wire and a cannulated trocar.
The surgical instruments are a shaver with a 3.4 mm resector, 4 mm standard electrocautery probe, a hook punch and a hook scissor. In our series an extension table was not used for patients with septic arthritis and congenital hip dislocations. In cases of septic arthritis traction was performed manually. Arthroscopic joint lavage was carried out through the peripheral joint compartment using a two-portal technique. Post-op we used in this cohort no immobilization in a spica cast.
Results
Between January 2008 and December 2010, arthroscopic hip surgery was performed 30 times on a total of 24 children under the age of 10. The patients comprised 9 boys and 15 girls with an average age of 3.5 years (4 months through 9 years). 12 patients had septic arthritis, 2 suffered from traumatic hip dislocation, and 6 had a congenital hip dislocation. One patient had a benign soft tissue tumor (fibroma), 2 had juvenile idiopathic arthritis, and one patient presented with acetabular osteochondroma. Patients were observed for a period of between 2 months and 5 years. All patients in the study population had a stationary hospital stay of between 3 and 14 days (mean stay 8.6 days). Surgery lasted between 40 and 172 minutes (mean duration 101 minutes). The data are summarized in Table 1 .
Results Septic Arthritis
11 patients with septic arthritis received a singular arthroscopic lavage using a two-portal technique. In one case, a second arthroscopic lavage was carried out after 3 days. The detected germs were staph. aureus, staph. warneri, and salmonella enteritidis. All patients were pain-free and had complete mobility after 2 weeks of stationary treatment with intravenous antibiotics. Patients were released from the hospital when their CRP had decreased to <0.3 mg/dl, except for one patient who was released with 0.8 mg/dl. Radiological follow-up showed that one patient had changes of the femoral head. A second arthroscopy confirmed the diagnosis of juvenile idiopathic arthritis. All other patients with septic arthritis were subsequently symptom-free with full mobility.
Results Synovial Disorders and Tumors
One patient with a hip joint effusion underwent arthroscopy to rule out possible septic arthritis, juvenile idiopathic arthritis, or pigmented villonodular synovitis (PVNS). PVNS and septic arthritis were ruled out histiologically. We used Krenn's synovitis score to determine the severity of synovitis [13] . The tentative diagnosis of juvenile idiopathic arthritis was confirmed, classified, and medical treatment initiated under consideration of the degree of synovitis. During the course of treatment, one patient with juvenile idiopathic arthritis required open synovectomy with surgical dislocation.
Following diagnostic arthroscopy and biopsy of the patient with the intraarticular tumor (fibroma), a complete resection of the tumor was successfully carried out in a second arthroscopic procedure. After three months, the symptoms had completely subsided and the patient could return to full physical activity. A follow-up MRI documented the tumor-free progress (Figures 1(a)-(c) ).
In the case of the patient with osteochondroma of the acetabulum, we initially attempted to remove the exostosis arthroscopically (Figures 2(a) and (b) ). The arthroscopic approach was limited. During the procedure we had to change to an open procedure, and carried out an open resection of the exostosis with additional acetabuloplasty.
Results Congenital Hip Dislocation
All patients had a trial of a closed reduction. Closed reduction and treatment with a spica cast or a Pavlik harness was in all cases unsuccessful. Arthroscopic surgery was possible in all 6 patients with 9 congenital hip dislocations. All important anatomical structures could be visualized introducing the scope through a medial subadductor portal (Figure 3(a) ). Main obstacle for reduction was in all cases capsule constriction. Following rthroscopic resection of the teres ligament (Figure 3(b) ), a resection of the fatty tissue in the acetabulum and a capsule release, all dislocated hip joints were reduced by a single arthroscopic approach. In one case we performed an additional Pemberton acetabuloplasty. Post-op reducetion was confirmed using MRI. With subsequent stabilization using a spica cast all hips remained stable (Figures 3(c) and (d)). At a mean follow-up of 13.2 months (9 -24 months) 3 out of 9 hips developed not an ossified nucleus, had metaphyseal changes and must be regarded as having avascular necrosis.
Results Traumatic Hip Dislocation
Two children with traumatic hip dislocation underwent hip arthroscopy. The first case, age 4 years, showed an avulsion fracture of the teres ligament (Figures 4(a) and  (b) ). Flake and ligament were resected arthroscopically. A postop cast for 3 weeks was applied. After 3 months the patient had free range of motion. MRI after 2 years showed no avascular necrosis. The second case was more complex, age 2 years. Hip arthroscopy showed avulsion of the teres ligament but also a fracture of the posterior rim of the acetabulum. Open stabilization was performred using a posterior approach. Similar to the first case a cast was applied for 3 weeks. The boy returned to full activity within 3 months.
Complications
Transient dysesthesia was not observed, as far as this is possible to evaluate in infants and small children under the age of 10. No motor or neurological complications were observed, particularly no pudendal lesions, sciatic or femoral paresis. No hematomas or pressure lesions were observed in the genital area.
Discussion
Arthroscopic hip surgery is a minimally invasive diagnostic and therapeutic procedure which is becoming increasingly important for treating children. Today, arthroscopy is an integral procedure of modern hip surgery, and is seldom considered a rival to arthrotomy or osteotomies of the femur and pelvis. Primarily, however, arthroscopic hip surgery offers new diagnostic and therapeutic possibilities. Indications for arthroscopy in children and adolescents include losse bodies, synovial diseases, Perthes disease, avascular necrosis, femoral head epiphysiolysis, labral pathologies, hip dysplasia, tumors of the hip joint, trauma, and septic arthritis [1, 4, 8, 10, 12] .
Septic Arthritis
The previous standard treatment for septic arthritis in children consisted of an arthrotomy with joint lavage and subsequent antibiotic treatment [14] [15] [16] . Arthroscopic lavage has become the generally accepted treatment of choice in children's knee joints. Arthroscopy to treat septic arthritis of the hip is being increasingly recommended [8, 10, [17] [18] [19] [20] [21] . Chung et al. (1993) reported their experiences with children between the ages of 2 and 7. They implemented a 5 mm 30˚ arthroscope and a two-portal technique. In children under the age of 5, traction was performed manually and an extension table was not used [8] . El Sayed (2008) compared arthroscopic and open joint lavage. He used a two or three portal technique and an extension table. Antibiotic treatment was administered for 10 days intravenously and for four weeks orally. Children who received an arthroscopic joint lavage had a shorter hospital stay and were mobilized more quickly than children who received an arthrotomy [18] . In our cohort, 12 children with septic arthritis were treated arthroscopically. Surgery was performed using a two-portal technique, a 6 mm standard cannulated arthroscopic hip instrument (Wolf ® ) and special 2.7 mm cannulated mini arthroscopic hip instruments (Wolf ® ). Only the peripheral joint compartment was accessed arthroscopically using a high anterolateral and an anterior portal. An extension table was not used for any of the patients. Traction of the hip joint was done only manually. Arthroscopic treatment of septic arthritis of the hip joint is a safe alternative to an arthrotomy. It is minimally invasive, is associated with a lower mortality rate, and enables the child to recover more quickly.
In the authors' view, arthroscopic hip surgery is the method of choice for treating septic arthritis. In our clinical practice, joint lavage via arthrotomy is only carried out in exceptional cases. The duration of hospitalizetion in our practice is still determined by the 14-day treatment with intravenous antibiotics.
Synovial Diseases and Intraarticular Tumors of the Hip
Intraarticular tumors of the hip joint are rare diseases. Hemangiomas, lipomas, benign synovial diseases such as giant cell nodular tumor, juvenile idiopathic arthritis, and synovial chondromatosis, are described as intraarticular soft tissue tumors [1, [22] [23] [24] [25] . Malign tumors include synovial sarcomas and myxofibrosarcomas [26, 27] . Arthroscopic resections of tumors in the hip joint have been described for cartilaginous exostosis, intraarticular hemangiomas, and for acetabular osteoid osteomas [22, 28, 29] . Pain reductions and improvements in mobility have been shown in children with juvenile idiopathic arthritis [7] . In our patient cohort, 4 patients had synovial diseases or intraarticular space occupying lesions; 2 had idiopathic juvenile arthritis, one had a fibroma in the peripheral hip compartment (Figures 1(a)-(c) ), and one patient presented with central acetabular exostosis (Figures 2(a)  and (b) ). The fibroma was resected arthroscopically and the 7-year-old boy was symptom-free post-procedure. A post-operative MRI examination confirmed complete resection of the tumor (Figure 4(d) ). In the patient with central acetabular exostosis, additional acetabuloplasty was carried out following resection.
For juvenile arthritis, arthroscopy is used to confirm the diagnosis and enables a partial synovectomy to be carried out. An improvement in the medical symptoms has been reported following arthroscopic synovectomy in infants and small children. We implemented arthroscopy with our patients to confirm the diagnosis and exclude PVNS. In both cases, the synovitis score according to Krenn was determined [13] . The patients' improvements, however, must also be considered in the context of the modified medication according to their synovitis score. Overall, arthroscopic hip surgery is a good procedure for performing biopsies. Using the appropriate position, benign tumors can be removed arthroscopically and at least partial synovectomies are possible [4, 22, 23, 29] .
Trauma
Traumatic pathologies of the hip join include lesions of the labrum, cartilage lesions, and ruptures of the teres ligament. Sports with repetitive flexion and abduction movements, such as gymnastics, skating, or dancing, are particularly predisposing for labrum lesions. Debridement and refixation of the labrum in adolescent athletes has also been described in previous studies, although currently labrum refixation can only be carried out at special medical centers [30, 31] . The arthroscopic extirpation of free joint bodies in the case of flake fractures is technically feasible [1, 10, 12] . Kashiwagi et al. (2001) reported an avulsion injury of the teres ligament after repositioning a traumatic hip dislocation [32] . We had two posterior traumatic hip dislocations in our cohort [33] . Only through arthroscopy was it possible to ascertain the magnitude of injury in a 2-year-old boy, who presented with a fracture in the posterior rim of the acteabulum. Controlled repositioning of the dislocated hip of a 4-year-old boy was done arthroscopically. In this case, we also found an avulsion of the teres ligament with a chondral flake fracture, which was was arthroscopically resected together with the teres ligament (Figures 4(a)-(c) ).
Congenital Hip Dysplasia and Hip Dislocation
Due to hip screenings during infancy, most dislocated hips can be treated conservatively [34] . If closed reduction is unsuccessful, standard procedure is then open repositioning using an inguinal or medial approach. In 1977, Gross was the first to carry out arthroscopic hip surgery on dislocated hip joints. Using arthroscopy, he was able to confirm existing diagnostic and anatomical knowledge. He did not carry out therapeutic measures, such as arthroscopic reduction [5] . Hasan and Al Sabti (1995) carried out 5 diagnostic hip arthroscopies on dislocated hips [35] . Bulut et al. (2005) reported 4 successful arthroscopically assisted repositioning measures. Using a medial portal, an open tenotomy was carried out on the psoas tendon and the arthroscope was inserted through a medial portal [36] . McCarthy and McEwen (2007) performed arthroscopic reduction on 3 patients using an anterolateral and a posterolateral portal [37] . We introduced arthroscopic reduction of the dislocated hip in infants in our clinic in 2009. We presented our early experience in 2012 [38] . We use a medial subadductor portal and an anterolateral portal in 6 patients. All important anatomical structures can be imaged through the subadductor portal. The patients' ages in the presented series were between 4 and 29 months. All reduced hip joints remained stable throughout the course of the study. Using 2.7 mm cannulated mini instruments, arthroscopic hip surgery of dislocated hips in infants and toddlers can be safely performed via a subadductor portal and an anterolateral portal. There are currently no intermediate results on arthroscopic procedures. In our series the mean follow-up was 13.2 months. According to the Salter classification we had 3 severe AVN cases. Therefore additional examinations are necessary, in particular to evaluate the functional results.
In summary, arthroscopic hip surgery has become an important part in modern hip surgery in children. Its breakthrough has been aided by the development of cannulated hip instruments and of standardized portals and surgical techniques. In addition, initial strict adherence to standardized techniques will avoid mistakes in positioning instruments and portals [1] . Hip arthroscopy is seldom considered a rival to bony procedures like osteotomies at the femur or the pelvis as shown in our cases in which we performed additional acetabuloplasty. It offers new diagnostic and therapeutic options.
Indications for hip arthroscopy in children and adolescents are Perthes disease, ECF, FAI, AVN, free joint bodies, traumatic lesions with injuries to the cartilage and labrum, synovial diseases, and benign tumors.
Our series with 24 children and 30 hip arthroscopies demonstrates the effectiveness of arthroscopic hip surgery in treating various hip pathologies. In this study, arthroscopic hip surgery was performed on children under the age of 10. It thereby became clear that there is a considerable difference between the indications in younger children and those older than 10 years of age. Most studies of arthroscopic hip surgery in children deal with adolescent patients and femoroacetabular impingement as a secondary deformity in perthes disease and slipped capital femoral epiphysis [4, 10, 12] . The main indication for hip arthroscopy in children under the age of 10 is septic arthritis. Special indications include synovial changes, benign soft tissue tumors, traumatic and congenital hip dislocation. Arthroscopic reduction of congenital hip dislocation is not a standard treatment. Currently there are only a few cases reported in the literature without mid-term or long-term results [36] [37] [38] . So arthroscopic reduction of congenital dislocated hip joints is reserved for paediatric centres with experience in arthroscopic hip surgery. In contrast, septic arthritis can be treated easily, quickly, and effectively through arthroscopic surgery. Thus, in our opinion an arthrotomy is only necessary in exceptional cases.
